ABSTRACT .
INTRODUCTION -
Although there are a number of papersls4) on the beam-beam phenomena, the importance of the problem which implies the mcst Severe limitation on the bear11 cuilrllts of the storage ring as well as recent availability of new experimental results 5-8) and theoretical approach 9) make it quite feasible to add to the list.
In this'work I suggest some scaling laws for the luminosity, space charge parameters, and beam size as functions of particle energy, maximum beam current, and the number of bunches. These scaling laws are derived from the latest experimental data available now. For more details the reader is referred to a somewhat wider (and more comprehensive) version lb) of this work.
MAIN RELATIONSHIPS AND ASSUMPTIONS
Before discussing recent experimental results observed on different electron storage rings it is useful to look first at the conditions in which they are obtained and the assumptions under which they are interpreted.
Among the machine parameters entering into expressions for the luminosity 2 and the space charge parameters 5 Y and 5, the particle energy E, the number of bunches B, and the revolution frequency f are known with great accuracy. The luminosity 9 and the beam current i can be measured directly. An experimental fact observed on all the machines is that the horizontal size of the bunch is not influenced by the beam-beam interaction 2 7) * with the accuracy ( 10%.
It is instructive first to see how one can derive the relevant parameters from the measured ones.
a) First of all, assuming ax to be equal to a , one can find beam aspect ratio Gy/"x from the measured luminosity:
b) The horizontal space charge parameter then is:
5, = ei8x/2nfBEo~(1+'Jy,ox) .
(2) c)
After eliminating ay from expressions for the luminosity and the vertical-space charge parameter one gets:
Let us review the recent experimental results obtained on different storage rings.
RECENT EXPERIMENTAL RESULTS

SPEAR: dependence on energy (H. Wiedemann)5)
Recently a.set of new measurements of the maximum luminosity and the beam current versus machine energy was undertaken by H. Wiedemann. The range of energy variation was from 0.6 to 3.7 GeV and is much wider than in all previous experiments. The data were taken during the special runs of the SPEAR dedicated to machine physics. Much work was done to adjust all the machine parameters to achieve maximum'luminosity. Special attention was paid to balance the vertical sizes of electron and positron bunches to avoid the loss of the luminosity due to the flip-flop effect. Table 1   Table 2 Dependence of SPEAR parameters on the particle energy E. in ma b) high energy physics runs C> machine physics runs
The fit by a power law to recent data seems to give quite different slopes, especially for the vertical space charge parameter, than ones for the previous measurements. 4, The difference may be attributed to the fact that the energy range in the work 2) was much narrower (from approximately 1.2 to 2.5 GeV). Table 1 summarizes the results of fitting to these measured and calculated data.
3.2 SP"iUR: dependence on the beam current Table 2 summarizes the data picked up from SPEAR logbooks by M. Cornacchia. 6) The data were mostly taken during regular physics runs of the machine. The fits to the data taken at high energy physics runs are recalculated. Instead of fitting data by the least square method, the maximum luminosity was fitted. Table 3 Dependence of ADONE parameters on the particle energy E (in GeV We shall use in forthcoming considerations an assumption that both beams are identical.. This assumption is not mandatory for the derivations but is justified by experimental conditions and makes all formulae more straightforward. Also everywhere where it is appropriate I will use Gaussian distribution, linear force, etc. Although more exact calculations can be fulfilled sometimes they do not seem to be necessary due to oversimplifying assumptions made above already.
Beam blowup according to diffusion theory
According to the main assumption a certain part of the particle motion due to thebeam-beam interaction can be described as stochastic and hence can be considered as an additional source of diffusion (in addition to all other sources which do not depend on the beam-beam force). . The beam blowup for the core of the bunch is found as follows: 9) 2r2e2rS2h2a2i2 y 0 fBE2a:az(l+ ay,ax)2
where T is the vertical damping time and h is a fitting parameter. First of all we see here exactly the same formula (4) that was postulated in the work.7) Comparing (6) with (4), we find neB ho Y 0 I2r a = Eox(l+oy/ax) TE
An expression (6) can also be found in the paper 12) which gives to parameter h the physical meaning of the probability of finding the particle in a stochastic layer.
Expression similar to (6) was also derived by J. Rees 13) from the assumption u2 = u; + fBrB2B2 Y yrms '
where erms is the effective r.m.s scattering angle of a particle in the vertical plane.
Scaling laws
Expressions (6,7) contain only one unknown parameter h. Let us consider it as'a phenomenological parameter which should be determined from experimental data. One way to do this is to use PETRA results 7) to satisfy E -4 decrease for the value a.
Since we are interested now in maximum values of the luminosity and the current, we derive from (4) Keeping in mind the number of assumptions and the approximations made the agreement seems to be astonishingly good. Table 4 The 
